Abstract-Before the establishment of the UMTS network, operators are obliged to make the planning process to ensure a better quality of service (QOS) for mobile stations belonging to WCDMA cells. This process consists of estimating a set of parameters characterizing the radio cell in the downlink direction. Among them, we are interested in the Node B total required power P Tot , and the maximum cell capacity, in the case of voice only and in the case of voice/video. To implement the effect of the other-cell interferences power, modeled as a fraction f DL of the own-cell received power, on various radio parameters described previously, we focused our study on two different scenarios: the first is based on an isolated cell and the second, on multiple cells. In addition, when the WCDMA cell reaches its maximum capacity, the introduction of admission control algorithms is essential to maintain the QOS of the ongoing mobile stations. For this purpose, we have proposed an admission control algorithm, based both on the Node B total required power and the cell loading factor. This algorithm gives rigorous results compared to the existing ones in the literature.
INTRODUCTION
The estimation of the WCDMA cell capacity is based on the signal to interferences ratio received at the level of an active mobile station in downlink and at the level of the Node B [1] [2] . This ratio is expressed as a function of the required power of a mobile station i activating a service j and as a function of various problems harming the radio interface, such as: other-toown cell interferences and thermal noise [1] [2] [3] [4] . Thus, WCDMA network must allocate power by taking into account the required quality of service characterizing each service, and environmental conditions. This power is dynamically adjusted several times to preserve the energy per bit to noise spectral density ratio (E b /N 0 ) constant [1] [2] [3] [4] [5] [6] [7] [8] .
In this work, we are interested in assessing and estimating the maximum downlink cell capacity in the case of a single-service and multi-services network, for two different scenarios: an isolated cell case, and a multiple-cells network case. The objective of this study is to highlight the effect of other-to-own-cell interference on WCDMA downlink capacity. In addition, network operators, look for controlling the admission of new mobiles stations, to prevent overloading status and fight against the degradation of link quality of communications already established. In this sense, we used two admission control algorithms to propose another, more efficient and rigorous, which takes into account two parameters: the maximum cell loading factor and Node B total available power P max .
II. NODE B TOTAL POWER ESTIMATION IN A MULTI-SERVICE NETWORK

A. Link quality equation in a multiple cell and in an isolated cell cases
The estimation of the maximum cell capacity and Node B total required power is based on the link quality equation E b /N 0 required for user i activating a certain service j (voice, video, web browsing, etc) in a cell m. This equation takes into account various radio interface problems: multipath propagation, neighboring cell effect, path loss, thermal noise equipment etc…
) in the cell m, in the case of a multiple cells case, can be written as: It is assumed that the total transmit power of different Node Bs is equal.
In the case of an isolated cell, the neighboring cells effect is absent. Then, the equation (1) should be modified as follows: 
v ij (m) is the activity factor, which is used to evaluate the average utilization of the radio resources for the various services (voice, video ...). And we have:
is defined as the other-to-own-cell interferences ratio received at a user i activating a service j in a cell m.
Where:
-I own : own-cell interferences, includes the total received power from the users connected to the cell.
-I other : other-cell interferences, includes the transmissions in the adjacent cells operating at the same frequency.
In downlink, this ratio (0 1) DL f  depends mainly on the user geographical position as well as on the neighboring Node Bs power. Thus it's different for each user. If the user is located on the cell edge, the f DL value is high. On the contrary, if the user is close to his serving cell, f DL value is small.
To simplify equation (3), we put:
(
And we consider that:
Consequently:
Equation (3) can be rearranged as:
From equation (8), we conclude that the power consumed by the mobile station is a fraction of the Node B total available power, where:
Is the amount of radio resources to be allocated to mobile station. Therefore, and by considering the user in an average position, the Node B total required power in a multi-service network becomes:
is the average orthogonality factor,
is the average pathloss in the cell.
In the case of an isolated cell, the other-to-own-cell interferences ratio f DL is equal to zero. Consequently, equation (10) can be rewritten as:
C. WCDMA cell loading estimation Equation (10) can be rearranged as:
Where: 
Therefore the maximum number of users should satisfy the following inequality:
(1 )
In the case of two services, the cell loading factor expression is the sum of cell loading factor generated by each service [6, 7] .Thus:
Where j DL  is the loading factor of a cell activate a service j and k is the number of services. In the case of an isolated cell, the cell loading factor can be rewritten as:
D. Capacity and coverage tradeoff
From equation (12), the maximum path loss in downlink can be defined as:
E. Admission Control When the system operates at nearly the maximum capacity, admitting a new user may affect the stability of the system. Thus, admission control AC is crucial for balancing between the quality of service requirement of the new user and for the ongoing connections, and consequently preventing the system from an outage situation due to overloading. In this paper, we present two admission control algorithms presented in the literature.
The first is based on Node B total power and the second is based on cell loading factor [9] [10] [11] . We proposed another based on both the last two parameters.
Admission control strategies based on power estimation, must take into account whether the Node B has enough power to ensure the quality of service requirements for the new requests and for connections already established.
When a new call i arrives, the AC algorithm computes the minimum required transmission power for this call, and verifies the power constraint given by:
Where n is the new number of users if accepting the new call i. If the constraint is satisfied, the AC algorithm accepts the new call and allocates power p ij (m) to the latter. Otherwise the call is blocked.
The second admission control algorithm is based on the maximum cell loading factor threshold. This parameter determines the admission of new calls in the network. When the cell loading factor of the Node B is below this threshold, a new call is accepted in the network. Above this threshold a new call is blocked at admission [11, 12] .
The following equation shows the constraint that must be verified:
Where DL  is the current cell loading factor,   the is the increase cell loading factor due to the new call and _ max DL  is the maximum cell loading factor threshold setting by the operator at the dimensioning phase.
We propose an admission control algorithm which is based at the same time on the maximum cell loading factor and on the total available power at the Node B.
The following diagram illustrates this algorithm: www.ijacsa.thesai.org 
III. SIMULATION PARAMETERS
The simulation parameters correspond to a macro-cellular network using omnidirectional antennas and Okumura-Hata propagation model which is written as:
Where d is the distance separating the mobile and the serving Node B.
The average pathloss value was 133 dB and the maximal Node B power P max was 20 Watt (43 dBm). The value of W is 3,84Mcp, the average orthogonality factor is 0,6 and the thermal noise is -100 dBm. Figures 2 and 3 show the variation of the Node B total required power as a function of the number of users in a cell activating only voice service (R=12,2 kbit/s) and in a cell activating voice/video(R=66,5 kbit/s), respectively, for two different scenarios.
The target ratio E b /N 0 for the voice service and video service are 5,5 dB and 6,5 dB respectively. The activity factor for voice and video are 0,67 and 1 respectively. From these figures, we note that the maximum cell capacity supported in an isolated cell case is more important than that supported in a multiple cells case. This is mainly due to the high-level of interference caused by the neighboring cells load in the last case, which lead to higher power consumption to ensure the target E b /N 0 . Therefore, the cell becomes loaded for a very small number of users. According to figure 4, we notice that the Node B total required power increases with the number of active users in the cell, for a given value of f DL .
By setting up the number of users and varying factor f DL , we find that the value of the Node B total required power increases with the interference factor fDL. That is due to the increase of interference level in the cell, affecting the useful signal.
From figure 5 , we note first that, the need of Node B total required power according to the number of active users in the cell increases in an important manner in comparison with the one in a cell activating only one service as shown in figure 4 . Therefore, the Node B becomes saturated for a very small number of users since the total required power exceeds the maximum transmission power P max available at the Node B. This means that the Node B cannot serve all the mobile stations with the required quality of service. On the other hand, the maximum capacity of a network with two services is much lower than the one of a single service network. This capacity decreases with increasing f DL factor. For f DL =0.5, the maximum number of users supported by the Node B is about 24 users, while for f DL = 0.8 the maximum number supported is about 18 users.
The following figure shows the variation of the cell loading factor as a function of the number of users activating only voice service, for two types of scenarios. According to this figure, we note that in the case of an isolated cell, the pole capacity is reached for approximately 331 users, whereas in the case of multiple cells, the pole capacity is reached for only 132 users approximately. This decrease in capacity is explained by the other-cell interferences that negatively affect the quality of service of active users in the cell of study. Therefore, users needing more power to meet their E b /N 0 target value. Consequently, the maximum number of users that can support the cell decreases.
During the dimensioning phase, an operator may set, according to his needs, the value of the maximum cell loading factor _ max DL  . This value must be always strictly less than the pole cell loading factor.
In the case of two services: voice and video, the variation of cell loading factor for two different scenarios is presented in the following figure: From this figure we note that in the case of an isolated cell, the pole capacity is reached for approximately 60 users, while, in the case of multiple cells, the pole capacity is reached for only 24 users approximately. In addition, and according to figure 6 , the pole capacity in both scenarios, is more important than in the case of two services: voice and video. This is due to the increase in power to devote to mobile stations in the latter case. Therefore, the maximum number of users that can support the cell decreases.
The following figure illustrates the variation of the transmitted power devoted to a given mobile station activating video service, according to the distance that separates it from its Node B. The coverage radius is taken equal to 2km. From this figure and for distances less than 0.6 km, one can observe that the transmitted power dedicated to the mobile station as a function of the distance which separates it from its serving Node B, is almost constant. This is due mainly to the low pahloss existing for short distances, which means that the second term of the equation (3) is negligible compared to the first which does not depend on the pathloss.
For high distances, more the mobile station approaches the periphery of the cell; we observe that the transmitted power devoted to it increases significantly. This is due to the large distance between the mobile station and its serving Node B, which means that the second term of the equation (3) becomes non negligible in long distances Another cause of this increase in power is the high level of other-cell interferences existing in large distances which affects the quality of service of the existing mobile station on the cell periphery. Figure 9 shows the blocking probability according to the number of new requests in the case of two scenarios by using the AC based on the Node B total power. From figure 9 we notice that the blocking probability in the case of an isolated cell, where there is an absence of other-cell interferences, is much smaller than that presented in the case of a network with multiple cells.
Effectively, in the case of a single cell, the number of requests simultaneously admitted is 60, while in the case of multiple cells; the cell can accept only 20 concurrent requests. Figure 10 shows the blocking probability according to the number of new requests in the case of two scenarios by using the AC based on the cell loading factor. From this figure, we note that, the blocking probability seen in the case of a single cell is much lower than in the case of multiple cells. This is mainly due to the absence of other-cell interferences in the first case, which makes the cell able to accept a large number of requests. According to this figure, the number of simultaneously accepted requests in the case of an isolated cell is approximately 32, while in the case of multiple cells the number of requests is approximately equal to 4. Figure 11 shows the variation of the blocking probability according to the number of new requests in the case of the proposed algorithm: Fig.11 . Blocking probability as a function of voice requests in the case of two scenarios.
From this figure we see that the blocking probability found with the proposed algorithm is greater than the one found by the application of power AC and cell loading factor AC for the two used scenarios. These results are more rigorous and more realistic.
IV. CONCLUSION
We have discussed in this paper the effect of other-to-owncell interferences ratio f DL on Node B total required power and maximum cell capacity, in downlink direction.
We found that more the other-cell interferences level is high, the more there is an increase in the first parameter and a decrease in the last one. In addition, in order to overcome the overloading situation, we present two admission control algorithms, the first is based on the Node B total power and the second is based on the cell loading factor. We have proposed a third which is based on the load and power at the same time. The application of this algorithm gives more realistic and rigorous results. 
